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(54) Battery charge optimizing system

(57) An optimizer circuit (24) is interposed between
a DC bus (14) and a battery (18) of a power supply sys-
tem, including two converters (29, 30) in parallel, one
that can lower the battery voltage below the bus voltage
or directly connect the bus (14) to the battery (18) and
one that can raise the voltage to the battery (18) above
the bus voltage. A controller (26) actuates the two con-
verters for optimizing battery charging and maintenance
and for providing the battery power to the bus (14) if oth-
er sources supplying the bus (14) are not available.
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Description

Field of the Invention

[0001] The present invention relates to batteries con-
nected to direct current (DC) buses and, more specifi-
cally, to a charge optimizer interposed between the bat-
tery and the bus.

Background of the Invention

[0002] In some applications, such as aircraft applica-
tions, batteries are used as a power source for engine
starting or as an emergency power source for a DC bus.
Obviously, it is important to maintain the battery in a fully
charged condition and to charge it after use. In known
systems, a DC bus to which the battery is connected
may itself be powered by a DC source, such as an en-
gine-driven AC generator and a transformer rectifier unit
(TRU) to convert AC to DC. During normal operation,
the DC power source provides power for electrical loads
of the system, in addition to providing power for charging
the battery. If the DC power is interrupted, the battery
immediately provides power to the DC bus. In order to
reduce the voltage variation on the DC bus, the battery
nominal voltage is usually selected to be close to the
DC bus voltage.
[0003] The battery system with these components is
simple and low cost so it is widely used in aircraft, elec-
trical vehicle, and telecommunications applications.
However, in this configuration, the battery is maintained
in a float mode where the battery is fully charged and is
essentially being topped off continuously because the
DC power feeding the bus almost always is available.
Therefore, the battery may be overcharged for long pe-
riods of time, resulting in battery overheating and elec-
trolyte loss. On the other hand, if the bus voltage is too
low the battery could be undercharged, resulting in ca-
pacity fade. In both cases this results in reducing system
reliability, as well as increasing battery system mainte-
nance cost. In addition, it may be undesirable to keep a
completely discharged battery floating on the bus be-
cause the battery may draw a large transient current
during initial charging and overloading the DC source.
[0004] One approach to these problems is to regulate
the DC bus voltage in a way that is better for charging
the battery. For example, the DC bus voltage may be
initially reduced following battery discharge to prevent
large current in-rush transients. The voltage may then
be raised above a normal charging level to increase the
battery charging rate. Such systems provide better con-
trol over battery charging to prevent overheating of the
battery, and allow the battery to be recharged more
quickly. However, there is substantial increased cost
and complexity in regulating the DC bus voltage, and
other aircraft systems connected to the bus may be af-
fected.
[0005] More often, the DC bus is powered with an un-

regulated source, such as a TRU. In these systems, at-
tempts have been made to intermittently connect the
battery to the bus, as described, for example, in U.S.
patent No. 3,703,675, which uses a contactor to control
the battery charge and a parallel diode to provide a dis-
charge path, and U.S. patent No. 5,969,436, which uses
a MOSFET in series with a diode in order to control bat-
tery discharging. Another approach has been to add a
"boost" circuit in series with an intermittently charged
battery, to provide a voltage higher than the DC bus volt-
age for battery charging. See, for example, U.S. patent
No. 4,061, 956. Also, U.S. Patent No. 4,443,752 de-
scribes a similar technique using a MOSFET as a
switch. In either of these systems, two series-connected
power components are provided on the high current
path between the DC bus and the battery, which may
increase power dissipation during operation.

Summary of the Invention

[0006] The present invention provides a high efficien-
cy system for battery charging off a DC bus, at low cost
and adaptable to changing conditions of the battery. In
the preferred embodiment, two converters in parallel are
used, one that can lower the battery voltage below the
bus voltage or directly connect the bus to the battery
and one that can raise the voltage to the battery above
the bus voltage. The preferred system also optimizes
battery charging by maintaining battery capacity, reduc-
es water loss, and allows increased maintenance inter-
vals.
[0007] The first converter operates bi-directionally. It
can perform as a simple contactor or as a voltage reg-
ulator with current limit. The primary function of this con-
verter is to provide a path for battery "bulk" charge, i.e.,
the major portion of the charging, or for the battery to
hold the bus voltage when the usual DC source is inter-
rupted.
[0008] The second converter, in parallel with the first
converter, provides an elevated voltage for battery top-
ping and trickle charging. Since the current for these
charges is small, the second converter is designed only
to handle low power operation. This reduces the cost
and improves the efficiency, while achieving the optimal
control of battery charging.
[0009] In the preferred embodiment, a battery charge
optimizer (BCO) in accordance with the present inven-
tion has two buck converters, one operating from a volt-
age higher than the DC bus.
[0010] The system in accordance with the present in-
vention operates in three modes. For a discharged bat-
tery, the charge starts at a current limited "bulk mode"
in which the charging current is controlled. When a de-
sired charging state is reached, detected by the de-
creasing charging current, a "topping mode" is used
where a predetermined current level is maintained but
the battery voltage is free to rise. When the rising voltage
reaches a temperature compensated set point, the
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charge is transacted to a second stage of topping mode
where the voltage is maintained for a relatively short pe-
riod. Thereafter, a third mode, "trickle mode" or "balance
mode", is effected in which the charging current is main-
tained at a small value.
[0011] In a representative aircraft application, the
BCO in accordance with the present invention is inter-
posed between the DC bus and the battery, but the bat-
tery still can be directly connected to a potential load,
such as the starter of an auxiliary power unit (APU).

Brief Description of the Drawings

[0012] The foregoing aspects and many of the attend-
ant advantages of this invention will become more read-
ily appreciated as the same become better understood
by reference to the following detailed description, when
taken in conjunction with the accompanying drawings,
wherein:

FIGURE 1 (prior art) is a block diagram of a known
power supply system using a DC bus in combination
with a battery;
FIGURE 2 (prior art) is a block diagram of a second
known power supply system using a DC bus in com-
bination with a battery;
FIGURE 3 is a block diagram of a battery charge
optimizing system in accordance with the present
invention;
FIGURE 4 is a more detailed diagram of a compo-
nent of the system of FIGURE 3;
FIGURE 5 is a more detailed block diagram of a
component of the system in accordance with the
present invention as represented in FIGURE 4; and
FIGURE 6 is a graph illustrating operation of part of
the system of FIGURE 5.

Detailed Description of the Preferred Embodiment

[0013] The present invention can be used in a system
having a DC bus supplying power to one or more com-
ponents of a system, such as in an aircraft. A known
system is illustrated diagrammatically in FIGURE 1. A
three-phase generator 10 driven by an aircraft engine
supplies an AC output to a transformer rectifier unit
(TRU) 12. The TRU supplies a nominal voltage to the
DC bus 14, such as 28 volts. Other sources may supply
power to the bus, such as a ground power source 16,
when the aircraft is parked and the engines are not run-
ning.
[0014] In such a system a battery 18 will supply power
to the bus if the other power sources are not available.
The battery also may supply larger loads, represented
by box 20, such as the starter of an auxiliary power unit
(APU). In such an arrangement, the larger load may be
connected directly to the battery output, i.e., without be-
ing supplied by way of the bus 14.
[0015] In the system of FIGURE 1, battery charging

is by way of the floating bus voltage. If the battery is
completely discharged, a larger than optimal current
may be supplied. If the DC bus voltage is too low then
the battery may be undercharged and experience bat-
tery fade. Similarly, a fully charged battery will still re-
ceive the bus voltage and may overheat and/or experi-
ence increased water loss, or the battery may be other-
wise damaged or have its useful life lessened.
[0016] One approach to solving the battery charging
problems of the system of FIGURE 1 is illustrated in FIG-
URE 2. In such a system, a regulated power source 22
supplies power to the DC bus 14 based, at least in part,
on the condition and state of the battery 18. In such a
system, the bus voltage may be raised or lowered, which
can affect other components connected to the bus, and
which, in general, is expensive.
[0017] FIGURE 3 is a block diagram of a representa-
tive application of an optimizing system in accordance
with the present invention. As represented toward the
top of the Figure, the supply of power to the DC bus 14
is conventional, coming from an AC source 10, such as
a generator driven by an aircraft engine, through a TRU
12, or by way of an alternative DC source 16, such as
a ground power source. A battery charge optimizer
(BCO) 24 is interposed between the bus 14 and the bat-
tery 18. The potential high load 20 for the battery (la-
beled "hot bus/APU start" in FIGURE 3) can be connect-
ed directly to the battery, i.e., at the opposite side of the
BCO 24 from the DC bus 14. In addition, the BCO is bi-
directional such that the battery may supply power to
the DC bus if the potential sources represented at the
top of FIGURE 3 fail and/or are disconnected.
[0018] FIGURE 4 is a block diagram of the BCO unit
24, with the DC bus 14 at the left and the potential high
load 20 at the right. In general, a gate drive and control
circuit 26 senses the voltage at the output terminal of
the battery 18 (such as at point A of FIGURE 4) and a
conventional current sensor 28 detects the current flow-
ing to the battery (such as a Hall current sensor which
provides a varying voltage output depending on the
sensed current). The gate drive and control circuit 26
provides a switching signal to a first circuit 29 having a
pair of MOSFETs Q1 and Q2 in anti-series or to a MOS-
FET Q3 of a voltage boost DC/DC converter circuit
("second circuit") 30.
[0019] More specifically, under the desired parame-
ters, such as those described in more detail below, the
gate drive and control circuit 26 will activate MOSFETs
Q1 and Q2, in which case the DC bus 14 is connected
directly to the battery 18 through a smoothing inductor
L1. Alternatively, the gate drive and control circuit 26 can
actuate MOSFET Q3 which results in adding the voltage
of a DC/DC converter 32 to the voltage of the DC bus
14, i.e., the voltage to the battery is boosted for optimal
charging under certain conditions as described below.
[0020] A schematic of the gate drive and control circuit
26 is illustrated in FIGURE 5. The battery current sens-
ing signal and voltage sensing signal (points A and B in
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FIGURE 4 and FIGURE 5) are supplied to a logic array
or microcontroller 34. The current sensing signal is sup-
plied as one input to an operational amplifier IC2 having
negative feedback. The other input is a reference volt-
age labeled Iref in FIGURE 5 because such voltage is
indicative of a desired current. The voltage sensing sig-
nal is supplied to another operational amplifier IC1 hav-
ing negative feedback, with a voltage reference input
Vref from the logic array/microcontroller. The outputs of
these two amplifiers are supplied to a comparator IC3,
having a voltage from a ramp generator 36 as its other
input. The output of the comparator IC3 is supplied to a
pair of AND gates IC4 and IC5, one of which receives a
boost mode signal (high or low; on or off) from the logic
array/microcontroller 34 and the other of which receives
a bulk mode signal (high or low; on or off) from the logic
array/microcontroller.
[0021] Operation can best be described with respect
to a representative embodiment, although it should be
understood that other operational parameters may be
chosen depending on the particular application. For an
aircraft having a 28-volt nominal DC bus supplied by an
unregulated DC source such as a TRU, a 24-volt nom-
inal battery may be used. A Hall current sensor having
an output of about 0.8 volt per 10 amps detected current
can be used. The error amplifier circuits IC1 and IC2
have sufficient gain to maintain Vref equal to point A and
Iref equal to point B. The ramp generator 36 can have
an output as represented in FIGURE 6, a repeating es-
sentially linear ramp of a frequency of 40KHz (25µ sec-
onds duration) ranging from one to four volts.
[0022] Starting from a situation in which the battery is
fully discharged, the low voltage of the discharged bat-
tery is sensed at point A and supplied as an input to the
logic array/microcontroller 34. The logic array/microcon-
troller supplies a "high" signal to turn on the bulk mode
MOSFETs Q1 and Q2, which actuates a closed circuit
condition of this part of the BCO as compared to an open
circuit condition if Q1 and Q2 are off. The DC bus voltage
is applied at the positive input of the battery, through Q1
and Q2 and inductor L1. A current limit can be supplied
by way of Iref. In a representative embodiment, Iref may
be 6.4 volts which corresponds to a maximum charging
current of 80 amps. More specifically, referring to FIG-
URES 5 and 6, the system is tuned such that if the bat-
tery current sensing signal at the negative input of am-
plifier IC2 rises to a level indicating 80 amps charging
current, the signal supplied to the positive input of com-
parator IC3 is approximately four volts. The voltage of
the signal supplied by the ramp generator to the nega-
tive input of the comparator is less than the voltage of
the signal from amplifier IC2 for the entire duty cycle of
the ramp. Consequently, a constant high output from the
comparator is supplied to the AND gate IC5 which also
is receiving a high "bulk mode" input from the logic array/
microcontroller. The logic array/microcontroller supplies
a low "boost mode" input to AND gate IC4. The result is
that MOSFETs Q1 and Q2 are turned on. So long as the

sensed current is below 80 amps, the output of amplifier
IC2 will be greater than the maximum value of each
ramp. If, however, the sensed current exceeds 80 amps,
the output of amplifier IC2 is lessened to a point where
it intersects the upper portion of each ramp. In that case,
the bulk mode AND gate IC5 will intermittently turn off
MOSFETs Q1 and Q2, and the turnoff time will increase
for increasing sensed current. The system is brought
back into balance by an effective maximum charging
current of 80 amps.
[0023] This "bulk mode" charging state with the bus
connected to the battery continues until the battery
charging current falls to a predetermined value, 10 amps
in the representative application. At this stage, Iref is set
at 0.8 volts by the logic array/microcontroller 34, corre-
sponding to 10 amps charging current, and the boost
mode is activated, i.e., the bulk mode signal to AND gate
IC5 goes low and the boost mode signal goes high to
AND gate IC4, which actuates the boost circuit to a
closed circuit condition between the bus and the battery
from an open current condition. An increased voltage is
provided by way of the boost circuit 30 (FIGURE 4) con-
sisting of the isolated DC/DC 32 converter and MOSFET
Q3. The ramp generator works in conjunction with am-
plifier IC2 as described above, but with the lower refer-
ence voltage at the positive input so that a constant cur-
rent of 10 amps is maintained. The 10 amp charging is
continued until the voltage at point A reaches 30 volts,
and for a predetermined period thereafter, one-half hour
in the representative embodiment.
[0024] Then, the system switches to the "balance
mode" which also can be referred to as "trickle mode"
where a very small current is maintained by setting Iref.
In the representative embodiment the charging current
would be 0.1 amp to 0.5 amp during the balance mode,
which is achieved by setting the Iref value at a corre-
sponding low voltage, and the boost circuit MOSFET Q3
remains on with MOSFETS Q1 and Q2 off.
[0025] In summary, bulk mode is activated for voltag-
es at point A (battery voltage) less than the DC bus volt-
age and a detected charging current of 10 amps to 80
amps. No more than 80 amps can be supplied. This
mode is also actuated if power to the bus is lost. The
BCO switches to boost mode when the charging amper-
age falls to 10 amps. Boost mode continues by supply-
ing a 10 amp constant current until the voltage at point
A is 30 volts, and for the predetermined period thereaf-
ter, whereupon the circuit switches to balance mode for
supplying the very low trickle current, such as .1 amp
to .5 amp.
[0026] In the case of a main power source failure, bulk
mode (Q1 and Q2 on) results in powering the bus by
way of the battery. For efficient operation of the large
load 20, the power connection can be directly to the bat-
tery output terminal. A simple and cost effective power
supply can be used for the bus, with optimal charging
and maintenance for the battery.
[0027] While the preferred embodiment of the inven-
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tion has been illustrated and described, it will be appre-
ciated that various changes can be made therein without
departing from the spirit and scope of the invention.

Claims

1. In a power supply system having a DC bus (14) and
a battery (18) connected to the bus (14), an optimiz-
er (24) connected between the bus (14) and the bat-
tery (18), said optimizer (24) comprising:

a first circuit (29) connected in series between
the bus (14) and the battery (18) and actuatable
between an open circuit condition and a closed
circuit condition, the first circuit (29) in the
closed circuit condition interconnecting the bus
(14) and the battery (18) bi-directionally for sup-
plying charging current to the battery (18) from
the bus (14) or power from the battery (18) to
the bus (14) depending on the relative voltages
of the bus (14) and the battery (18);
a second circuit (30) connected in series be-
tween the bus (14) and the battery (18), in par-
allel with the first circuit (29), and actuatable be-
tween an open circuit condition and a closed
circuit condition, the second circuit (30) in the
closed circuit condition providing a voltage
higher than the voltage of the bus (14) to the
battery (18); and
a controller (26) sensing the voltage of the bat-
tery (18) and sensing current flowing to the bat-
tery (18) and actuating the first and second cir-
cuits (29, 30) as a function of the sensed volt-
age and current.

2. In the power supply system defined in Claim 1, the
controller (26) actuating only the first circuit (29) and
not the second circuit (30) when the sensed voltage
is below a predetermined amount and the sensed
current is in a predetermined range.

3. In the power supply system defined in Claim 2, the
controller (26) actuating only the second circuit (30)
and not the first circuit (29) when the sensed current
is below a predetermined current.

4. In the power supply defined in Claim 3, the control-
ler (26) intermittently actuating one of the first and
second circuits (29, 30) when the sensed voltage is
above a predetermined voltage for maintaining a
small trickle current from the bus (14) to the battery
(18).

7 8



EP 1 148 616 A2

6



EP 1 148 616 A2

7



EP 1 148 616 A2

8



EP 1 148 616 A2

9



EP 1 148 616 A2

10



EP 1 148 616 A2

11


	bibliography
	description
	claims
	drawings

